Europaisch s Patentamt 

© /)))) European Pat nt Office © Publication number: 0 319 175 

Office europeen d s brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 88310887.0 © Int CI. 4 : B29C 67/24 , B29C 35/08 , 

B29C 39/42 

© Date of filing: 18.11.88 



® Priority: 28.11.87 GB 8727902 


© Applicant: THORN EMI pic 




4 Tenterden Street 


© Date of publication of application: 


London W1A 2AY(GB) 


07.06.89 Bulletin 89/23 




© Designated Contracting States: 


© Inventor: Evans, Stephen Daniel 


33 Rutters Close 


AT BE CH DE ES FR GB GR IT U LU IML SE 


West Drayton Middlesex UB7 9AL(GB) 




Inventor: Sibbald, Alastair 




18 Horseguards Drive 




Maidenhead Berkshire, SL6 1XL(GB) 




Inventor: Shaw, John Edward Andrew 




45 Colne Avenue 




West Drayton Middlesex(GB) 




Inventor: Whalley, Peter David 




114 Salt Hill Way 




Slough Berkshire, SL1 3TX(GB) 




© Representative: Marsh, Robin Geoffrey et al 




Thorn EMI Patents Limited The Quadrangle 




Westmount Centre Uxbridge Road 




Hayes Middlesex, UB4 OHB(GB) 



@ Method of forming a solid article. 



m 

CO 



Qm 

LU 



© In a method of forming a solid article of pre- 
determined shape from a liquid which can be cured 
by exposure to radiation, a surface (12, 32, 52, 76) 24- 
upon which the article is to be formed is provided. A 
predetermined region (20) of the surface is exposed ?4~ 
to a beam of radiation (16, 54, 74, 78. 80, 132. 134). 
Liquid (26, 62) is then supplied to an unexposed 
region (22) of the surface such that a solid barrier 
(28, 66, 82, 84), defining a surface of the solid 
article, is created at the interface (18, 56) of the /O 
liquid and the beam. The solid barrier is effective as 
a mould to contain the liquid which has been sup- 
plied but not yet cured until this liquid is cured. Such 
a method can be used to encapsulate a microelec- 
tronic devic . 
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METHOD OF FORMING A SOLID ARTICLE 



This invention relates to a method of forming a 
solid article from a liquid which can be cured by 
exposure to radiation. In particular, this inventions 
relates to a method of encapsulating a microelec- 
tronic device and to an encapsulated device pro- 
duced by that method. 

It is known that there is a range of materials, 
e.g. UV curable epoxy adhesives, available as liq- 
uids which solidify on exposure to electromagnetic 
or particulate radiation of sufficient energy to pro- 
duce cross-linkage, e.g. UV radiation. Solid articles 
may be defined in initially uncured materials using 
essentially conventional photolithographic tech- 
niques to apply radiation patterns to filled volumes 
or swamped surfaces, with the uncured material 
being subsequently drained or washed out 

JP 61-1 2071 2A for example discloses a meth- 
od of moulding a three dimensional shape from 
liquid photosensitive resins which involves control- 
ling the shift of an optical point source and its light 
intensity. The liquid photosensitive resin is placed 
in a tank and an optical point source, e.g. an end of 
an optical fibre, is shifted to a target point within 
the liquid resin. The shift of the optical point source 
is controlled along three axes crossing at right 
angles to each other and the intensity of light is 
also controlled. The photosensitive resin is cured 
according to the loci of the optical point source to 
produce a three-dimensional article. 

Geometries realisable by such methods are 
limited by, amongst other factors, the requirement 
to be able to remove uncured material. Known 
photolithographic methods are also inadequate 
where it is desired to incorporate within the defined 
structure, a surface, eg of an electrical or optical 
component such as a sensor, which must not be 
allowed to come into contact with the liquid sub- 
stance, eg epoxy or other polymer, and/or which 
cannot tolerate subsequent washing stages to re- 
move uncured material. 

One particular aspect of this problem relates to 
microelectronic devices such as ion sensitive field 
effect transistors (ISFETs) and related devices, e.g. 
micro (thin or thick film) coated wire type ion 
selective electrodes, amperometric sensors such 
as Clark ceils and optical sensors. Such devices 
have regions responsive to particular external stim- 
uli e.g. the presence of ions, ambient pressure, etc, 
which are exposed to an analyte, i.e. a media, such 
as a solution or gas, etc, to be analysed. Howev r, 
it is necessary that bond wires and metallisations 
associated with the devices themselves are effec- 
tively isolated from the analyte and this is effected 
by encapsulation. The accurate and reproducible 



placement of encapsulant material in the relatively 
confined spacing on chips and over the fragile 
bond wires is difficult, especially if skilled and time 
consuming manual operations are to be excluded. 

5 Curable epoxy resins, sensitive to particulate radi- 
ation or electromagnetic radiation in the IR to gam- 
ma wavelength ranges have proved suitable for 
encapsulating such devices, in that they are resis- 
tant to leakage. However, a major problem with 

10 these materials has been that of preventing flow of 
the uncured material onto the responsive (i.e. sens- 
ing) region of the device, though some success 
has been achieved with the use of air jets and/or 
physical barriers produced using e.g. thick film 

75 photoresist such as Vacrel or Riston, to protect the 
responsive region. 

A related problem is that some proposed ap- 
plications of e.g. an ISFET device require that an 
analyte solution be presented to the ISFET gate via 

ao a flow system. For the successful operation of the 
device, it is highly desirable that smooth channels, 
without dead volumes and the tendency to trap 
bubbles, lead to and from the ISFET device. It is 
also desirable that the assembly procedure be 

25 automatable. Manual procedures presently used for 
assembling such flow systems, in which a flow cap 
is bonded, e.g. by silicone rubber adhesive, to an 
encapsulated ISFET device, are complex, involving 
several stages and tend to produce irreproducible 

30 flow characteristics, significant dead volumes and 
bubble traps. 

It is an object of the present invention to pro- 
vide an improved method of forming solid articles 
of a variety of shapes, including articles made from 

35 liquid polymers which are cured by radiation and in 
which areas need to be maintained clear of un- 
cured polymer during the formation of the article. It 
is a related object of the present invention to pro- 
vide a method using liquid polymers for encap- 

40 sutating and packaging microelectronic devices in- 
corporating regions responsive to particular exter- 
nal stimuli, e.g. the presence of ions, ambient pres- 
sure etc, which must not be allowed to come into 
contact with the liquid polymer; such method being 

45 preferably automatable. It is also an object* of the 
present invention to provide a package including an 
encapsulated microelectronic device with a smooth 
flow channel. 

According to the present invention there is 

so provided a method of forming a solid article of 
predetermined shape from a liquid which can be 
cured by exposure to radiation, th method com- 
prising the steps of providing a surface upon which 
the articl is to be formed, exposing a predeter- 
mined region of the surface to a beam of radiation; 
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supplying the liquid to an unexposed region of the 
surface such that a solid barrier, defining a surface 
of the solid article, is created at the interface of the 
liquid and the beam and curing the liquid which 
has been supplied, but not yet cured, to form said 
solid article. 

The radiation used may be electromagnetic 
radiation in the IR to gamma wavelength ranges, 
especially UV light, or particulate radiation. The 
liquid polymer is cured by cross-linkage. 

It is an advantage of the present invention that 
an integral unit of complex shape may be formed 
which could not, in practice, be formed by hitherto 
known processes such as injection moulding, ex- 
trusion, or drilling except by assembly of separate 
discrete, premoulded units. It is also an advantage 
of the invention that said method may be auto- 
mated. It is a further advantage that only the quan- 
tity of liquid polymer used to produce the final solid 
article is involved in the method, and that no drain- 
ing or washing out stages with consequent wastage 
are required. 

The method may also comprise the steps of 
moving and/or altering the shape of said beam of 
radiation relative to said surface on which the arti- 
cle is formed as liquid is being supplied and/or 
altering the position and/or inclination of the surface 
upon which the article is to be formed relative to 
said beam. 

The liquid which has been supplied but not 
cured may be exposed to another beam of radi- 
ation to be cured while further liquid is being sup- 
plied to the unexposed region. 

Other surfaces of the article may be defined by 
providing one or more sidewalls attached to the 
surface upon which the article is to be formed or 
by using more than one beam of radiation. Where 
the solid article is to include a solid component of 
a different material, said solid component being 
positioned within said exposed region of the sur- 
face upon which the article is to be formed, the 
different material may be transparent to the radi- 
ation used. 

Where the liquid can be cured by exposure to 
radiation or to heat the liquid which has been 
supplied but not yet cured may be cured by heat- 
ing. Where the liquid can be cured by exposure to 
radiation of more than one wavelength, the liquid 
which has been supplied but not yet cured may be 
cured by exposure to a beam of more penetrating 
radiation. 

Where the surface upon which the article is to 
be formed includes a region which is not to be 
touched by the liquid, the method may further 
comprise the step of defining the shape of said 
beam of radiation so that the borders of said region 
which is not to be touched by the liquid fall within 
said exposed region of th surface upon which the 



article is to be formed. 

The surface upon which the article is to be 
formed may be a surface of a microelectronic 
device, the article to be formed thereon being an 

5 encapsulation of said device. A region which is not 
to be touched by the liquid may include a respon- 
sive region of the microelectronic device respon- 
sive to a particular external stimulus. Preferably 
said beam of radiation is so shaped that said 

70 responsive region of said device is not exposed to 
said beam. 

The method may provide the walls of a flow 
channel suitable for exposing a responsive region 
of a microelectronic device responsive to a particu- 

75 lar external stimulus to an analyte, wherein the 
region which is not to be touched by the liquid is 
the cavity of the flow channel. Preferably the 
microelectronic device is encapsulated as outlined 
hereinbefore. Preferably a top solid layer of ma* 

20 terial transparent to the radiation is provided above 
the microelectronic device so as to define the 
height of the flow channel. 

The present invention also provides a package 
including a microelectronic device having a respon- 

25 sive region responsive to a particular external 
stimulus, an encapsulation layer around said re- 
sponsive region and a flow channel suitable for 
exposing said responsive region to an analyte, 
characterised in that the wails of said flow channel 

30 are integral, and continuous with, said encapsula- 
tion layer. 

Embodiments of the present invention will now 
be described by way of example and with refer- 
ence to the accompanying drawings in which: 
35 Figures 1 to 9 are sectional views of a con- 

tainer showing stages in the formation of a simple 
solid article and illustrating some of the basic prin- 
ciples of the method of the present invention. 

Figure 10a is a plan view representing a 
40 stage in the formation of a more complex shaped 
solid article. 

Figure 10b is a sectional view along the line 
x-x of Figure 1 0a. 

Figure 11a is a plan view representing a 
45 stage in the formation of a solid article without a 
container. 

Figure 11b is a sectional view along the line 

XI- XIof Figure 11a. 

Figure 12a is a plan view represent a stage 
so in the formation of a channel on a substrate. 

Figure 12b is a sectional view along the line 

XII- XII of Figure 12a. 

Figure 13 is a sectional view representing a 
later stage in the formation of a solid article. 
55 Figures 14 to 16 are sectional views showing 

stages in the encapsulation of a microel ctronic 
d vie in accordance with the pr sent invention. 
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Figures 17 and 18 are sectional views show- 
ing variations on the method illustrated in Figures 
14 to 16. 

Figure 19 is a plan view showing a stage in 
the simultaneous encapsulation of three microelec- 
tronic devices. 

Figure 20a is a plan view showing a stage in 
the formation of a flow system incorporating the 
encapsulated devices of Figure 19. 

Figure 20b is a sectional view along the line 
XX-XX in Figure 20a. 

Figure 1 shows a container 10 in which a solid 
article is to be formed, the container having a base 
12, which is horizontal, and a sidewaU 14. A col- 
limated beam of radiation 16, one edge of which is 
indicated by line 18, is directed onto a region 20 of 
the base 12. A second region 22 of the base is not 
exposed to the radiation and there is an inlet 24 
within the unexposed region 22 for the liquid poly- 
mer 26 (not shown in figure 1) from which the solid 
article is to be formed. The frequency and intensity 
of the beam of radiation 16 is such that the liquid 
polymer 26 is cured rapidly upon exposure to 
radiation. In this example, the polymer is Norland 
Optica! Adhesive 81, which is cured by ultra violet 
radiation in the wavelength range from 320nm to 
400nm. 

As shown in Figure 2, when liquid polymer 26 
is passed into the container 10 through the inlet 24, 
it flows onto the unexposed region 22 of the base 
12. As the leading edge of the liquid polymer flow 
26 passes the edge 18 of the beam of radiation, it 
is cured rapidly to form a barrier 28. of solid 
polymer which prevents further flow of the liquid 
polymer 26 into the exposed region 20 of the base 
12. The barrier 28 defines a surface of the solid 
article to be formed. 

As more liquid polymer 26 is added as shown 
in Figure 3, the height of the barrier 28 grows with 
the level of the liquid polymer 26 in the unexposed 
region 22. The exposed region 20, beyond the 
barrier 28, remains clear of liquid polymer 26. In 
effect, the edge 1 8 of the beam of radiation 1 6 acts 
as an optical mould to form a surface of the solid 
article. 

In Figure 4, the edge 18 of the beam of radi- 
ation 16 has been moved into the previously unex- 
posed region 22 of the container 10. This enables a 
wider section 29 of the liquid polymer 26 to be 
cured, strengthening the barrier 28 as the depth of 
liquid polymer 26 is increased. The edge 18 of the 
radiation may then be moved back to its previous 
position as shown in Figure 5 to continue the 
formation of th surface of the solid article. 

It is possible to change the position of the 
barrier 28 and henc the shape of the formed 
surface of the solid article by moving the edge 18 



of the beam of radiation 16 relative to the base 12 
as shown in Figures 6 and 7. Th surface of the 
solid article is also defined by the direction of 
growth of the barrier 28, which direction may be 

s changed by altering the alignment of the base 12 
relative to the horizontal, as shown in Figures 8 and 
9, or by changing the position and/or alignment of 
base 12 relative to the beam. 

Barriers 28, and hence the shape of the solid 

10 article, may be further defined by modifying the 
shape and/or direction of the beam of radiation 16, 
eg by masking or altering the trajectory swept out 
by a moving laser. As shown in Figures 10a and 
10b it is possible, by suitable masking and posi- 

75 tioning of the inlet 24, to form separate barriers 28 
simultaneously which may then, by alteration of the 
masking profile and inclination of the container, be 
so configured as to define an integral component It 
is envisaged that it should be possible to form 

20 completely isolated chambers within the solid arti- 
cle, or chambers linked by passages together 
and/or to the outside of the solid article, by suitable 
manipulation of the container 10, including, for ex- 
ample, rotation of the container. 

25 Figures 11a and 11b show a stage in the 

formation of a solid article whose shape is defined 
only by optical moulds, i.e. the edges 18 of beams 
of radiation 16, and a base 12. In principle, only the 
base 12 need be solid - the cross-sectional shape 

30 of the solid article may be defined by a combina- 
tion of optical moulds and preformed barriers or by 
optical moulds alone. 

As also shown in Figure 11b, the inlet 24 for 
the liquid polymer 26 may be from below the base 

35 12, so long as there remains a shielded path for 
liquid polymer flow while the shape of the solid 
article is being formed. 

Figures 12a and 12b show a stage in the 
formation of a channel 30 between two plates 32 

40 and 34, the separation of which is defined by 
spacers 36. The shape of the beam of radiation 16 
and hence the shape of the channel 30 is given by 
a mask layer 38 (shown in the sectional view 
Figure 12b but not in the plan view Figure 12a). 

46 The top plate 34 is transparent to the radiation 
used. 

Once the shape of the solid article has been 
defined by the barriers 28, the whole structure can 
be flood illuminated by the radiation to harden the 
so liquid polymer to form a solid structure. Alternative- 
ly, as shown in Figure 13, it is possible to harden 
the supporting bulk 39, of the article as the barriers 
28 are formed by the use of a horizontal beam 40. 
This beam 40 is moved upwards a little behind the 
55 lev I of the liquid polymer 26. 

If a polymer system were chosen that could b 
hardened by h at as well as by the particulate or 
electromagnetic radiation used for the optical 
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moulds, it would also be possible to harden the 
structure by heating the whole structur after the 
surface of th solid articl had been defined. A 
polymer system couid also be chosen that could 
be hardened by particulate or electromagnetic radi- 
ation of more than one wavelength. In such a case, 
it would be possible to define the surface of the 
solid article using a less penetrating radiation and 
harden the structure using a more penetrating radi- 
ation. Such alternatives would be particularly useful 
for relatively thick structures or if the structure were 
to incorporate a component of a different material 
which was less transparent to the radiation used for 
the optical moulds. 

The shapes of articles formed by the use of 
one or more beams of radiation as optical moulds 
may be defined by varying the direction and extent 
of one or more beams of the radiation, the orienta- 
tion of the workpiece on which the base is mounted 
and the flow of liquid polymer. Variation in radiation 
beam configuration may be achieved by using one 
or a combination of more than one of the following 
means: servo units to control laser or other radi- 
ation sources to vary the direction of a beam; servo 
units to control the orientation of, or to exchange, 
photomasks to vary the extent of a beam; elec- 
trically controlled masks incorporating shutters, 
LCD elements or other suitable electro-optic com- 
ponents to vary the extent of a beam; servo units 
to control orientation and movement of optical com- 
ponents such as lenses and mirrors to vary the 
extent of a beam. Variation in workpiece orientation 
may be achieved by servo unit operation of x, y, z 
and $ stages. Variation in liquid polymer flow may 
be achieved by using electrically controlled pumps. 
By interfacing the various servo units and elec- 
trically operated elements to a computer, variation 
in beam configuration, workpiece orientation and 
liquid polymer flow can be brought under software 
control. This accordingly allows a range of articles 
of different shapes to be produced largely under 
software control at a single optical moulding work- 
station. 

Another advantage of the use of optical 
moulds, which can be simply switched off and on 
and moved, is in the formation of structures with 
surfaces which would key to solid moulds and 
hence not be accessible by injection moulding, 
pressing or extrusion or have recesses out of line 
of sight from surface openings, and hence not be 
accessible by hithertoknown moulding or milling 
techniques. 

An application of an optical mould of the kind 
described relates to the encapsulation of 1SFETS 
and related devices. 

Figure 14 shows an ISFET chip 50 bonded 
onto a header 52 having a well type formation 53. 
The chip 50 is to be encapsulated using a UV 



curable epoxy such as Norland Optical Adhesive 
81 . A beam 54 of UV radiation is directed onto the 
chip 50 so that the outer edge 56 of the beam 54 
lies a little outside the gate 58 of the chip 50, the 

5 gate 58 being a chemically responsive region 
which should be kept clear of epoxy, but not suffi- 
ciently far out to fall upon the areas which must be 
covered by epoxy ie wires 60, bond pads and 
metallised tracks (not shown). 

10 As shown in Figure 15, the uncured epoxy 62 

is added to the area around the chip 50 via a feed 
tube 64 to fill the well 53. Sufficient is added to 
flood over the chip 50 until the leading edge of the 
epoxy 62 impinges on the edge 56 of the UV 

15 irradiated area, where the intensity of the radiation 
is such that the uncured epoxy 62 is rapidly har- 
dened creating a barrier 66 preventing further flow 
of the uncured epoxy 62 to the gate 58 of the chip 
50. ancured epoxy is added until the wires 60 etc. 

20 are covered and the level of uncured epoxy is 
sufficient for a satisfactory encapsulation layer to 
be produced. The whole structure is then flood 
illuminated to harden the epoxy as shown in Figure 
16, producing a solid encapsulation layer 68. 

25 Modifications of this method for encapsulating 

ISFETS and related devices are shown in Rgures 
17 and 18. 

In Figure 17, a collimated beam of radiation 69 
incident on a UV transparent lens 70 having a UV 

30 opaque area 72 produces a UV beam 74 of annular 
shape. The internal diameter of the annular beam 
is such that no radiation falls on the gate 58 of the 
chip 50. This prevents shifts in the threshold volt- 
age of the chip 50 due to irradiation of the gate 58. 

35 Other optical systems may be used to produce 
similar effects, e.g. a suitable photomask may be 
positioned above a UV transparent lens, and the 
lens position adjusted to bring the photomask im- 
age into focus at the level at which the polymer is 

40 to be cured. 

Figure 18 shows a system in which the chip 50 
is bonded onto a flat substrate 76. Beams of radi- 
ation 78, 80 are accordingly used to produce bar- 
riers 82. 84 to define the outer edges of the encap- 

45 sulation layer. 

A second example of the use of optical moulds 
in the formation of solid articles is in the formation 
of a system of one or more encapsulated ISFETs 
which incorporates a flow channel. 

so In the example illustrated in Rgures 19, 20a 

and 20b, three ISFETS having gates 90, 92, 94 are 
mounted and bonded onto a substrate 96, e.g. a 
printed circuit board or screen printed ceramic, 
bearing a pattern of conductive tracks (not shown) 

55 leading to an edge connector 98. As shown in 
Rgure 19, the ISFETS are first encapsulated. Un- 
cured epoxy 100 is fed onto th substrate 96 
through an inlet 102. Optical moulds are used to 
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produce the barrier 104 to limit the flow of uncured 
epoxy, and the barriers 106, 108 and 110 protect- 
ing the gates 90, 92, 94 of the ISFETs. When the 
level of uncured epoxy is sufficient for a satisfac- 
tory encapsulation layer to be produced, the whole 
structure is then flood illuminated to harden the 
epoxy to produce a solid encapsulation layer 112 
(Figures 20a and 20b). 

The other components of the flow system are 
then arranged on the substrate 96 as shown on 
Figures 20a and 20b. A reference electrode 114 is 
formed on the substrate 96 eg by chloridising an 
electroplated or printed silver area. A channel 116 
between the reference electrode 1 1 4 and the posi- 
tion of the analyte flow channel 118 is formed 
using a suitable component such as a thin tube, 
ceramic frit fibre bundle or a strip of gelled elec- 
trolyte, such as saturated potassium chloride with 
Agar. A tube 120 is provided to act as a connection 
between the reference electrode 114 and a refer- 
ence electrode solution feed (not shown). 

Tubes 122 and 124 are provided on the solid 
encapsulation layer 112 to act as connections from 
the analyte flow channel to be formed (position 
shown as 118) and sample and calibrant feeds (not 
shown). A UV transparent top cover 126 (not shown 
in Figure 20a) is supported on spacers 128, 130 
above the substrate 96. The separation of the top 
cover 126 and the solid encapsulation layer 112 
sets the depth of the analyte flow channel 118 to 
be produced and is also such that the tubes 122 
and 124 are trapped in position. The top cover 126 
may be moulded to produce a satisfactory fit to the 
tubes 122 and 124. There is sufficient separation 
between the top cover 126 and the surface of the 
channel 116 to allow air and uncured epoxy to flow 
through. 

The areas of the assembly to be kept free from 
epoxy - the analyte flow channel 118 and the 
reference electrode 114 are then illuminated with 
beams of radiation 132, 134 (as shown in Figure 
20b) acting as optical moulds. The assembly is 
then progressively filled with uncured epoxy from 
one side as indicated by the arrows 136, 138 in 
Figure 20a. With adequate control of radiation in- 
tensity and epoxy flow rate, the volume between 
the substrate 96 and the top cover 125 fills with 
uncured epoxy, but with the illuminated areas 118 
and 114 left clear except for the peripheral barrier 
of cured polymer. Once filling of the unexposed 
areas is complete, the whole assembly is flooded 
with radiation to complete the fabrication proce- 
dure. 

Variations of the method for forming flow sys- 
tems, as described, are possible. In particular, the 
channel between the reference electrod and th 
analyte flow channel may be formed by optical 
moulds rather than provided as a solid article. Th 



reference electrode may use a gelled electrolyte 
laid down over the electrode and connecting to the 
analyte flow channel, in which case, the tube 120 
may be omitted. The gelled electrolyte would be 

5 deposited before the top cover was placed in posi- 
tion and would protect the reference electrode from 
the uncured epoxy, so that illumination of the refer- 
ence electrode would not be necessary during the 
epoxy filling stage. 

io The shape of the optical moulds may be con- 
trolled by various means including masking or suit- 
able optical arrangements. The top cover may also 
be arranged, by provision for example of a suitable 
lens structure, to affect the distribution of illumina- 

rs tion. 

Device encapsulation and flow system con- 
struction may be realised by a single procedure, 
but with rather more complex epoxy flow and op- 
tical control. 

20 It is envisaged that this method could be used 

to construct suitably dimensioned flow systems ar- 
ound flow sensors of various types eg microen- 
gineered beams as described for example in our 
European patent application No. 86309946.1, pub- 

25 lished under No. 0239703. Packages could also be 
constructed incorporating fluid logic pathways. 

The general method described in this speci- 
fication for forming solid articles from liquid sub- 
stances which can be solidified by exposure to 

30 radiation may have other applications. In particular, 
the method may be used to form supports for 
micro engineered window frames for infra-red de- 
tectors. 

While the specific embodiments described in 
35 this specification have related to Norland Optical 
Adhesive 81, a UV curable epoxy adhesive cured 
by GV radiation in the wavelength range from 
320nm to 400nm, it will be understood that the 
present invention is 'applicable to any polymer cur- 
40 able by radiation of sufficient energy to produce 
cross-linkage in that polymer, and that the term 
'radiation' as referred to in the invention is intended 
to embrace electromagnetic radiation in the IR to 
gamma wavelength ranges and particulate radiation 
45 such as alpha particles, such radiation being of the 
required energy for the polymer used. 



Claims 

50 

1. A method of forming a solid article of pre- 
determined shape from a liquid which can be cured 
by exposure to radiation, the method comprising 
the steps of providing a surface upon which the 
55 article is to be formed; exposing a predetermined 
region of the surface to a beam of radiation; sup- 
plying th liquid to an unexposed region of the 
surface such that a solid barrier, defining a surface 
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of the solid article, is created at the interface of the 
liquid and the beam, and curing the liquid which 
has been supplied but not yet cured to form said 
solid article. 

2. A method according to Claim 1 wherein the 
method further comprises the step of moving said 
beam relative to said surface upon which the article 
is to be formed as liquid is being supplied to 
further define said surface of the article. 

3. A method according to Claims 1 or 2 
wherein the method further comprises the step of 
changing the shape of said beam as liquid is being 
supplied to further define said surface of the article. 

4. A method according to any of the preceding 
claims wherein the method further comprises the 
step of altering the inclination and/or position of the 
surface upon which the article is to be formed 
relative to said beam to further define said surface 
of the article. 

5. A method according to any of the preceding 
claims wherein the method further comprises the 
step of exposing the liquid which has been sup- 
plied, but not cured, to another beam of radiation 
thereby to cure said liquid while further liquid is 
being supplied to the unexposed region. 

6. A method according to any of the preceding 
claims wherein the method further comprises the 
step of providing one or more sidewails attached to 
the surface upon which the article is to be formed 
so as to define further surfaces of the article. 

7. A method according to any one of the pre- 
ceding claims wherein the method further com- 
prises the step of providing more than one beam of 
radiation to define more than one surface of the 
article. 

8. A method according to any of the preceding 
claims in which the solid article is to include a solid 
component of a different material, said solid com- 
ponent being positioned within said exposed region 
of the surface upon which the article is to be 
formed, wherein the different material is transparent 
to the radiation used. 

9. A method according to any of the preceding 
claims in which the liquid can be cured by expo- 
sure to radiation or to heat wherein the step of 
curing the liquid which has been supplied but not 
yet cured comprises heating said liquid which has 
been supplied but not yet cured. 

10. A method according to any of the preced- 
ing claims in which the liquid can be cured by 
exposure to radiation of more than one wavelength, 
wherein the step of curing the liquid which has 
been supplied but not yet cured comprises expos- 
ing said liquid which has been supplied but not yet 
cured to a beam of more penetrating radiation. 

11. A method according to any of the preced- 
ing claims in which th surface upon which the 
articl is to be formed includes a region which is 



not to be touched by th liquid, wherein the meth- 
od further comprises the step of defining the shape 
of said beam of radiation so that the borders of 
said region which is not to be touched by the liquid 
5 fall within said exposed region of the surface upon 
which the article is to be formed. 

12. A method according to any of the preced- 
ing claims for encapsulating a microelectronic de- 
vice wherein said surface on which the article is to 

10 be formed is a surface of said device and said 
article is an encapsulation of the device. 

13. A method of encapsulating a microelec- 
tronic device according to Claim 12 dependent on 
Claim 11 wherein said region which is not to be 

75 touched by the liquid includes a responsive region 
of said device responsive to a particular external 
stimulus. 

14. A method of encapsulating a microelec- 
tronic device according to Claim 13 wherein said 

20 beam of radiation is so shaped that said responsive 
region of said device is not exposed to said beam. 

15. A method of providing a microelectronic 
device, having a responsive region responsive to a 
particular external stimulus, with a flow channel 

25 suitable for exposing said responsive region to an 
analyte, wherein the walls of the flow channel are 
defined in accordance with the method of Claim 11, 
in which said region which is not to be touched by 
the liquid is the cavity of the flow channel. 

30 16. A method according to Claim 15, wherein 

the method further- comprises the step of encap- 
sulating the microelectronic device in accordance 
with the method of any one of Claims 12, 13, or 14. 

17. A method according to Claim 15 or 16 
35 wherein the method further comprises the step of 

providing a top solid layer of material transparent 
to the radiation above the microelectronic device 
so as to define the height of the flow channel. 

18. A solid article formed from a liquid which 
40 can be cured by exposure to electromagnetic radi- 
ation by the method as claimed in any of the 
preceding claims. 

19. A package including a microelectronic de- 
vice having a responsive region responsive to a 

45 particular external stimulus, an encapsulation layer 
around said responsive region and a flow channel 
suitable for exposing said responsive region to an 
analyte, characterised in that the walls of said flow 
channel are integral, and continuous with, said en- 

50 capsulation layer. 
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